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[57] ABSTRACT

A projector system includes an optical converter ele-
ment of a cylindrical shape. and a light beam-generating
device for generating a plurality of light beams. Optical
axes of the plurality of light beams are spaced from one
another in a direction of the circumference of the opti-
cal converter element and intersecting one another
substantially at one point lying on the axis of the optical
converter element. The optical axes of the plurality of
light beams are inclined at the same angle with respect
to the axis of the optical converter element. so that
when the plurality of light beams are incident on the
optical converter element, an outgoing light beam is
emitted from the optical converter element in such a
manner that the outgoing light beam extends along an
imaginary conical surface coaxial with the optical con-
verter element. This ouigoing light beam can be con-
verted by a collimator lens into a light beam extending
along an imaginary cylindrical surface. The light beam
extending along the imaginary conical surface or the
imaginary cylindrical surface is applied to an annular
portion of an object to be detected. so that part of this
light beam leaking through a flaw in the annular portion
is detected by a photosensor.

14 Claims, 2 Drawing Sheets
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PROJECTOR SYSTEM AND SYSTEM FOR
DETECTING FLAW

BACKGROUND OF THE INVENTION

This invention relates to a projector system for sup-
plving a light beam capable of forming a ring-shaped
image on a plane, and also to a system for detecting a
flaw in an annular portion of an object. using such a
projector system.

A projector system, disclosed in Japanese Laid-Open
{Kokai) Patent Application No. 80220/88 (correspond-
ing to U.S. patent application Ser. No. 100.523 now
abandoned), includes a cylindrical fiber conduit (optical
converter element) comprising a number of parallel
optical fibers. When a light beam is caused to be inci-
dent upon the fiber conduit in a direction perpendicular
to the axis of the fiber conduit. a light beam radiating in
a plane perpendicular to the axis of the fiber conduit is
emitted from the fiber conduit. This outgoing light
beam appears as a linearly-extending image on a plane
parallel to the axis of the fiber conduit.

The above Japanese Laid-Open Patent Application
No. 80220/88 discloses another prior art projector sys-
tem in which a cylindrical lens is used as an optical
converter element.

U.S. Pat. No. 3.964.824 discloses a projector system
similar to that described in the above Japanese Laid-
Open Patent Application No. 80220/88.

Japanese Laid-Open Patent  Application No.
133048/78 discloses a projector system which com-
prises a light source. and a pair of first and second cylin-
drical lenses. A light beam generated from the light
source is incident on the first cylindrical lens in a direc-
tion perpendicular to the axis of the first cylindrical
lens. As a result. the light beam, spreading out at a
certain angle in a plane perpendicular to the axis of the
first cylindrical lens, is emitted from the first cylindrical
lens. This outgoing light beam is converged in the direc-
tion of the axis of the first cylindrical lens by the second
cylindrical fens whose axis is inclined relative to the axis
of the first cylindrical lens.

All of the above conventional projector systems are
designed to supply the light beam which appears as a
linear image on the plane.

In a projector system disclosed in Japanese Utility
Model Publication No. 21073/79, a light beam, advanc-
ing along a thin band-like path, is caused to be incident
on a cylindrical lens in a direction inclined relative to
the axis of the cylindrical lens. As a result, the light
beam emitted form the cylindrical lens spreads out
along part of an imaginary conical surface, and forms an
arc-shaped image in a certain plane; however, this
image is not in the form of a complete or closed circle.

SUMMARY OF THE INVENTION

It is a first object of this invention to provide a projec-
tor system for supplying a light beam capable of form-
ing a closed ring-shaped image in a certain plane.

A second object of the invention is to provide a sys-
tem for detecting a flaw in an annular portion of an
object to be detected, using the above projector system.

In order to achieve the first object, according to one
aspect of the present invention. there is provided a
projector system comprising:

(a) an optical converter element of a cylindrical shape
for converting incident light, applied thereto, into out-
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going light spreading out radially of the optical con-
verter element: and _

(b) light beam-generating means for generating a
plurality of light beams. optical axes of the plurality of
light beams being spaced from one another in a direc-
tion of the circumference of the optical converter ele-
ment and intersecting one another substantially at one
point lying on the axis of the optical converter element.
and the optical axes of the plurality of light beams being
inclined at the same angle with respect to the axis of the
optical converter element, so that when the plurality of
light beams are incident on the optical converter ele-
ment. an outgoing light beam is emitted from the optical
converter element in such a manner that the outgoing
light beam extends along an imaginary conical surface
coaxial with the optical converter element.

In order to achieve the second object, according to
another aspect of the invention, there is provided a
system for detecting a flaw in an annular portion of an
object to be detected, comprising:

(a) an optical converter element of a cylindrical shape
for converting incident light. applied thereto, into out-
going light spreading out radially of the optical con-
verter element;

(b) light beam-generating means for generating a
plurality of light beams, optical axes of the plurality of
light beams being spaced from one another in a direc-
tion of the circumference of the optical converter ele-
ment and intersecting one another substantially at one
point lying on the axis of the optical converter element,
and the optical axes of the plurality of light beams being
inclined at the same angle with respect to the axis of the
optical converter element. so that when the plurality of
light beams are incident on the optical converter ele-
ment, an outgoing light beam is emitted from the optical
converter element in such a manner that the outgoing
light beam extends along an imaginary conical surface
coaxial with the optical converter element; and

(c) a photosensor disposed on one side of the optical
converter element opposite 1o the light beam-generat-
ing means, the object to be detected being disposed
between the optical converter element and the photo-
sensor, the outgoing light beam emitted from the optical
converter element being applied to the annular portion
of the object, so that the photosensor detects part of the
outgoing beam leaking through the flaw in the annular
portion.

Also, in order to achieve the second object, accord-
ing to a further aspect of the invention, there is pro-
vided a system for detecting a flaw in an annular portion
of an object to be detected, comprising:

(a) an optical converter element of a cylindrical shape
for converting incident light, applied thereto, into out-
going light spreading out radially of the optical con-
verter element;

(b) light beam-generating means for generating a
plurality of light beams, optical axes of the plurality of
light beams being spaced from one another ‘in a direc-
tion of the circumference of the optical converter ele-
ment and intersecting one another ‘substantially at one
point lying on the axis of the optical converter element,
and the optical axes of the plurality of light beams being
inclined at the same angle with respect to the axis of the
optical converter element, so that when the plurality of
light beams are incident on the optical converter ele-
ment. an outgoing light beam is emitted from the optical
converter element in such a manner that the outgoing



5,115,349

3

light beam extends along an imaginary conical surface
coaxial with the optical converter element: and

(c) a collimator lens disposed on one side of the opti-
cal converter element opposite to the light beam-
generating means. the collimator lens being coaxial with
the optical converter element, the focus of the collima-
tor lens Iving substantially on the apex of the imaginary
conical surface. and when the light beam emitted from
the optical converter element along the imaginary coni-
cal surface is incident on the collimator lens, a light
beam being emitted from the collimator lens along an
imaginary cylindrical surface coaxial with the collima-
tor lens: and

(d) a photosensor disposed on one side of the collima-
tor lens opposite to the optical converter element, the
object to be detected being disposed between the colli-
mator lens and the photosensor, the light beam emitted
from the collimator lens being applied to the annular
portion of the object. so that the photosensor detects
part of the light beam leaking through the flaw in the
annular portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic view of a flaw detecting system
provided in accordance with the present invention:

FIG. 2is an enlarged. transverse cross-sectional view
of an optical converter element used in the system:

FIG. 3 is a view of the optical converter element as
seen from the direction 111 of FIG. 1. showing an image

formed on an imaginary plane by a light beam emitted ?

from the optical converter element:

FIG. 4 is a view similar to FIG. 1. but showing a
modified system:

FIGS. § and 6 are views similar to FIG. 3, but show-
ing a modified optical converter element. these Figures
respectively showing images respectively formed on
the imaginary planc by light beams emitted from the
optical converter element when light beams are incident
on diametrically-opposite points of the optical con-
verter element: and

FIG. 7 is a view similar to FIG. 3. but showing an-
other madified optical converter element, this Figure
showing an image formed on an imaginary plane by a
light beam emitted from the optical converter element
when a light beam is incident on the optical converter
element in one direction.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The invention will now be described with reference
to the drawings.

FIG. 1 shows a flaw detecting system using a projec-
tor system 100. The projector system 100 comprises two
laser beam-generating devices 1 and 2, and an optical
converter element 3.

One laser beam-generating device 1 comprises a semi-
conductor laser diode 11, a collimator lens 12 and a
reflection mirror 13 which are arranged in this order in
a forward direction. The laser diode 11 and the collima-
tor lens 12 have a common optical axis L1. The laser
diode 11 emits a laser beam spreading out into a conical
shape. The collimator lens 12 converts the laser beam,
emitted from the laser diode 11, into a laser beam of a
uniform circular cross-section along a length thereof,
the latter laser beam extending along the optical axis L1
and being composed of parallel rays of laser light.
Therefore. the laser diode 11 and the collimator lens 12
cooperate with each other to constitute a light source

0

45

50

55

60

65

4

for providing the parallel rays of laser light. The reflec-
tion mirror 13 is inclined at an angle 8 (0° <8 <45°) with
respect 1o the optical axis L1. Therefore. an optical axis
L1 of a laser beam 14 reflected by the reflection mirror
13 is inclined at an angle of 26 with respect to the opti-
cal axis L1.

The other laser beam-generating device 2 is of the
same construction as that of the above laser beam-
generating device 1. Namely, the laser beam-generating
device 2 comprises a semi-conductor diode 21. a colli-
mator lens 22, and a reflection mirror 23. A common
optical axis L2 of the laser diode 21 and the collimator
lens 22 is parallel to the optical axis L1. A laser beam 24
is equal in diameter to the laser beam 14. The reflection
mirror 23 is inclined with respect to the optical axis L2
at the same angle as the inclination angle 6 of the reflec-
tion mirror 13. Reflecting surfaces of the two reflection
mirrors 13 and 23 face each other. With this arrange-
ment, the optical axes L.1" and L2’ of the laser beams 14
and 24 reflected respectively by the reflection mirrors
13 and 23 intersect each other at a point disposed cen-
trally of the distance between the optical axes L1 and
L2

The optical converter element 3 is referred to as
“fiber conduit™. As shown in FIG. 2. the optical con-
verter element 3 has a cylindrical shape, and comprises
a clad 31. a large number of optical fibers 32 of a circu-
lar cross-section embedded in the clad 31 and extending
parallel to an axis L of the optical converter element 3,
and a protective glass shell 33 covering the outer pe-
riphery of the clad 31. The clad 31 is greater in diameter
than the laser beams 14 and 24. The relation between
refractive indexes n1, n2 and n3 of the clad 31. the opti-
cal fibers 32 and the protective glass shell 33 is as fol-
lows:

niZn)<n;

The axis L of the optical converter element 3 passes
through the point of intersection between the optical
axes L1'and L2’ of the laser beams 14 and 24 reflected
respectively by the reflection mirrors 13 and 23. The
axis L of the optical converter element 3 is parallel to
the optical axes L1 and L2. and these three axes lies in
a common plane. Therefore, the optical axes L1’ and
L2’ of the laser beams 14 and 24 coming respectively
from the reflection mirrors 13 and 23 are spaced 180°
from each other circumferentially of the optical con-
verter element 3, that is, disposed in diametrically-
opposite relation to each other with respect to the opti-
cal converter element 3. The axes L1’ and L2’ are both
inclined at the same angle of 26 (0°<260<90°) with
respect to the axis L of the optical converter element 3.
In other words, the laser beams 14 and 24 are incident
on the optical converter element 3 at an inclination
angle of 26.

Although one hundred and several tens of optical
fibers 32 are shown in FIG. 2 for illustration purposes,
actually each optical fiber 32 has a diameter very much
narrower than the illustrated diameter thereof, and the
number of the optical fibers 32 are several tens of thou-
sands.

In the projector system 100 of the above construc-
tion, when one laser beam 14 (the upper one in the
drawings) is incident on the clad 31 of the optical con-
verter element 3, this incident laser beam is repeatedly
refracted and reflected at the boundaries between the
clad 31 and the optical fibers 32. As a result, a laser
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beam 144 is emitted from the optical converter element
3 in such a manner that this laser beam 14¢ spreads out
progressively from the entire periphery of the optical
converter element 3. Since the laser beam 14 is incident
on the optical converter element 3 in inclined relation to
the axis L of the optical converter element 3. the rays of
the outgoing laser beam 14u are also inclined at the
same angle with respect to the axis L. Therefore. the
outgoing laser beam 144 spreads out along an imaginary
conical surface. This conical surface is coaxial with the
optical converter element 3, and its apex lies substan-
tially at the point of intersection between the optical
axes L1 and L2'.

A circular image (indicated by hatching in FIG. 3) is
formed by the laser beam 14a. emitted from the optical
converter element 3. on an imaginary plane X disposed
forwardly of the optical converter element 3 in perpen-
dicular relation to the axis L of the optical converter
element 3.

The lowermost portion of the laser beam 144 is the
highest in light intensity whereas the uppermost portion
of the laser beams 144 is the lowest. In other words, the
lowermost portion of the image appearing on the imagi-
nary plane X is the brightest whereas the uppermost
portion of the image is the darkest.

When the other laser beam 24 (the lower one in the
drawings) is incident on the optical converter element
3. alaser beam 24¢ 15 emitted from the optical converter
element 3 and spreads out progressively along the
above-mentioned conical surface. In contrast with the
laser beam 14a. the laser beam 244 is the highest in light
intensity at its uppermost portion. and is the lowest at its
lowermost portion.

Therefore. a laser beam 101 of an annular shape.

constituted by the two laser beams 140 and 24a super- 35

posed on each other, is substantially uniform in light
intensity throughout the entire circumference thereof.,
and the circular image formed on the imaginary plane X
has a uniform brightness throughout the entire circum-
ference thereof.

The flaw detecting system comprises a photosensor S,
in addition to the above projector system 100. The
photosensor § is disposed forwardly of the optical con-
verter element 3, and is disposed on the axis L of the
optical converter element 3. A lid 200 (i.e., an object to
be detected) is disposed on a plane perpendicular to the
axis L, and is disposed between the optical converter
element 3 and the photosensor 5. The lid 200 is formed
by pressing a flat metal plate, and has an annular re-
cessed portion 201 of a considerable depth at its outer
periphery. The recessed portion 201 is defined by an
inner peripheral wall 202, an outer peripheral wall 203,
and a bottom wall 204 interconnecting the walls 202 and
203. The bottom wall 204 is susceptible to a crack (flaw)
during the formation of the lid 200, and therefore it is
checked whether or not the bottom wall 204 has such a
crack.

More specifically, the laser beam emitted from the
optical converter element 3 is reflected by the inner
surface of the outer peripheral wall 203 and is directed
toward the bottom wall 204. If there is no crack in the
bottom wall 204, the laser beam 101 is completely inter-
rupted or blocked by the bottom wall 204, and therefore
does not reach the photosensor 5. In contrast. if there is
a crack in the bottom wall 204, part of the reflected
laser beam 101 passes through this crack and reaches
the photosensor 5§, thus detecting the crack. A signal
processing circuit connected to the photosensor 5, an
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alarm means. and etc., are well known in the art. and
therefore explanation of these is omitted here.

FIG. 4 shows a modified form of the invention.
Those parts of this embodiment corresponding respec-
tively to those of the preceding embodiment of FIG. 1
are denoted by identical reference numerals. respec-
tively, and explanation thereof are omitted here. A
projector system 100 shown in FIG. 4 includes a colli-
mator lens 50 disposed forwardly of an optical con-
verter element 3 ini coaxial relation thereto. The focus of
the collimator lens 50 lies on the apex of the above-men-
tioned imaginary conical surface. A laser beam 101,
coming from the optical converter element 3 and
spreading out along this conical surface, is converted by
the collimator lens 50 into a laser beam 102 of a circular
shape advancing forwardly along an imaginary cylin-
drical surface having an axis aligned with the axis L of
the optical converter element 3.

In the projector system of FIG. 4. a condenser lens 15
is disposed between a collimator lens 12 and a reflection
mirror 13, and similarly a condenser lens 25 is disposed
between a collimator lens 22 and a reflection mirror 23.
The two condenser lenses 15 and 25 are equal in focal
distance to each other. and the focal lengths of each of
the condenser lenses 185, 25 is equal to the length of path
of the laser beam from the condenser lens to the point of
intersection between axes L1’ and L2’ of laser beams 14
and 24. Therefore, each of the laser beams 14 and 24
reflected respectively by the reflection mirrors 13 and
23 is directed toward the above point of intersection in
a convergent manner. As a result. a laser beam 101
emitted from the optical converter element 3 is incident

on the collimator lens 50 in such a manner that the

width of the laser beam 101 in its radial direction in-
creases progressively toward the collimator lens 50.
Therefore, a laser beam 102 emitted from the collimator
lens 50 has an unchanged radial width throughout the
entire length thereof.

In the embodiment of FIG. 4. the laser beam 102 is
applied directly to the bottom wall 204 of the lid 200.
Therefore, whether or not any crack is present in the
bottom wall 204 can be checked more accurately. A
photosensor 5 has an annular shape corresponding to
the shape of the bottom wall 204.

The fiber conduit, serving as the optical converter
element 3 used in the projector systems 100 of FIGS. 1
and 4. may be replaced by a cylindrical lens.

The refractive index of a cylindrical lens 3 shown in
FIGS. 5 and 6 is high at its radially central portion, and
becomes lower progressively toward its outer periph-
ery. Any those regions of the cylindrical lens 3 equidis-
tant from the axis L of the cylindrical lens 3 have the
same refractive index. As shown in FIG. 5§, when one
laser beam 14 is caused to be incident on the cylindrical
lens 3, the cylindrical lens 3 emits a laser beam 14a
which spreads out along a generally lower half (exceed-
ing 180°) of the imaginary conical surface. Therefore,
the image formed by the laser beam 14a on the imagi-
nary plane X (see FIG. 1) constitutes a generally lower
half of a circle having the center disposed on the axis L.
When the other laser beam 24 is caused to be incident
on the cylindrical lens 3, the cylindrical lens 3 emits a
laser beam 24a which spreads out along a generally
upper half (exceeding 180°) of the imaginary conical
surface. The image formed by the laser beam 244 on the
imaginary plane X constitutes a generally upper half of
the above circle. Therefore, the two outgoing laser
beams 14¢ and 24a partly overlapping each other, and
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jointly constitute a laser beam having a uniform light
intensity over the entire circumference thereof.

As shown in FIG. 7. the cylindrical lens 3 may have
a uniform refractive index over the entire transverse
cross-sectional area thereof. In this case. when one laser
beam 14 is incident on the cylindrical lens 3. a laser
beam 14¢ emitted from the cylindrical Jens 3 occupies
part of the imaginary conical surface which is less than
180°. Therefore, by the use of the two laser beams 14
and 24 as in FIGS. 1 and 4. a laser beam emitted from
the cylindrical lens 3 can not form an image of a com-
plete circular shape on the imaginary plane. In this case.
three or more laser beams are caused to be incident on
the cyvlindrical lens 3. It is, of course. preferred that the
laser beams be caused to be incident on the cylindrical
lens 3 in such a manner that the laser beams are circum-
ferentially spaced from one another at equal intervals.

In the case of the optical converter element 3 of FIG.
2 and the optical converter element 3 of FIG. 5. three or
more laser beams may be caused to be incident on the
optical converter element 3 in such a manner that the
laser beams are circumferentially spaced from one an-
other at equal intervals. With this arrangement, the laser
beam emitted from the optical converter element 3 can
h=more uniform in light intensity over the entire cir-
cumference thereof.

The present invention is not to be restricted to the
above embodiments. and various modifications can be
made. For example. aithough the reflection mirrors 13

and 23 are used in the embodiments of F1G. 1 and FIG. 3

4, they are replaced by prisms. respectively.

In the embodiments of F1G. 1 and FIG. 4. the reflec-
tion mirrors 13 and 23 may be omitted. In this case, the
optical axes L1 and L2 of the laser beam-generating
devices 1 and 2 are inclined at an angle of 20 with re-
spect to the axis L of the optical converter element 3.

In the embodiments of FIG. 1 and FIG. 4. although
the two laser beam-generating devices 1 and 2 are used,
only one laser beam-generating device may be used. In
this case. a light beam emitted from one light source is
divided into a plurality of laser beams by a beam splitter
such as a light semi-transmitting mirror. and the plural-
ity of laser beams thus produced are caused by reflec-
tion means 10 be incident on the optical converter ele-
ment.

In the projector systems according to the invention.
the annular portion of the object to be checked may be
of an oval shape. In this case. the annular (oval} portion
are disposed in a plane inclined at an angle with respect
to the axis L of the optical converter element.

What is claimed is:

1. A projector system comprising:

(a) an optical converter element of a cylindrical shape
for converting incident light, applied thereto, into
outgoing light spreading out radially of said optical
converter element, wherein said optical converter
element comprises a large number of parallel opti-
cal fibers; and

(b) light beam-generating means for generating a
plurality of light beams, the optical axes of said
plurality of light beams being spaced from one
another in a direction of the circumference of said
optical converter element and intersecting one
another substantially at one point lying on the axis
of said optical converter element, and the optical
axes of said plurality of light beams being inclined
at the same angle less than 90° with respect to the
axis of said optical converter element so that, when
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said plurality of light beams are incident on said
optical converter element, an outgoing light beam
is emitted from said optical converter element such
that said outgoing light beam extends along an
imaginary conical surface coaxial with said optical
converter element.

2. A projector system comprising:

(a) an optical converter element of a cvlindrical shape
for converting incident light, applied thereto, into
outgoing light spreading out radially of said optical
converter element, wherein said optical converter
element comprises a cylindrical solid lens; and

(b) light beam-generating means for generating a
plurality of light beams, the optical axes of said
plurality of light beams being spaced from one
another in a direction of the circumference of said
optical converter element and intersecting one
another substantially at one point lying on the axis
of said optical converter element. and the optical
axes of said plurality of light beams being inclined
at the same angle less than 90° with respect to the
axis of said optical converter element so that, when
said plurality of light beams are incident on said
optical converter element, an outgoing light beam
is emitted from said optical converter element such
that said outgoing light beam extends along an
imaginary conical surface coaxial with said optical
converter element.

3. A projector system according to claim 1. in which
each of said plurality of light beams to be incident on
said optical converter element is unchanged in cross-
sectional area along the optical axis thereof. so that said
outgoing light beam emitted from said optical converter
element is uniform along its optical axis.

4. A projector system according to claim 1 or 2. fur-
ther comprising a collimator lens coaxial with said opti-
cal converter element, said optical converter element
being disposed between said light beam-generating
means and said collimator lens, the focus of said colli-
mator lens lving substantially on an apex of said imagi-
nary conical surface. and when said light beam emitted
from said optical converter element along said imagi-
nary conical surface is incident on said collimator lens,
a light beam being emitted from said collimator lens
along an imaginary cylindrical surface coaxial with said
collimator lens.

5. A projector system according to claim 4. in which
said light beam-generating means comprises light
source means for generating said plurality of light
beams each substantially unchanged in cross-sectional
area along the optical axis thereof, and a plurality of
condenser lenses for respectively converging said light
beams, generated from said light source, toward said
optical converter element, the focal length of each of
said condenser lenses being substantially equal to a
length of path of said light beam from said condenser
lens to the focus of said collimator lens, said outgoing
light beam emitted from said optical converter element
increasing in radial width progressively toward said
collimator lens, and said light beam emitted from said
collimator lens being substantially unchanged in radial
width along the optical axis thereof.

6. A projector system according to claims 1 or 2, in
which said plurality of light beams to be incident on said
optical converter element are spaced from one another
at equal intervals in the direction of the circumference
of said optical converter element.
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7. A projector syvstem according to claim 1 or 2. in
which said light beam-generating means comprises a
plurality of light beam-generating devices, said plurality
of light beam-generating devices comprising respective
light sources for respectively generating light beams
whose optical axes are paraliel to one another. and
respective reflection means for respectively reflecting
said light beams. emitted respectively from said light
sources, so as to direct said reflected light beams toward
said optical converter element.

8. A projector system according to claim 1 or 2. in
which said optical converter element further comprises
a cvlindrical clad in which said large number of optical
fibers are embedded: said clad being lower in refractive
index than said optical fibers.

9. A projector system according to claim 2. in which
the refractive index of said cylindrical lens increases
progressively from its radially central portion toward
its outer periphery.

10. A projector system according to claim 2. in which
said cylindrical lens has a uniform refractive index over
the entire transverse cross-sectional area thereof.

11. A system for detecting a flaw in an annular por-
tion of an object to be detected. comprising:

* {(a) an optical converter element of a cylindrical shape
for converting incident light. applied thereto, into
outgoing light spreading out radially of said optical
converter element, wherein said optical converter
element comprises a large number of parallel opti-
cal fibers;

(b) light beam-generating means for generating a
plurality of light beams. optical axes of said plural-
ity of light beams being spaced from one another in
a direction of the circumference of said optical
converter element and intersecling one another
substantially at one point lying on the axis of said
optical converter element. and the optical axes of
said plurality of light beams being inclined at the
same angle less than 90° with respect to the axis of
said optical converter element, so that when said
plurality of light beams are incident on said optical
converter element. an outgoing light beam is emit-
ted from said optical converter element so that said
outgoing light beam extends along an imaginary
conical surface coaxial with said optical converter
element; and

(c) a photosensor disposed on one side of said optical
converter element opposite to said light beam-
generating means, the object to be detected being
disposed between said optical converter element
and said photosensor, said outgoing light beam
emitted from said optical converter element being
applied to the annular portion of said object, so that
said photosensor detects part of said outgoing beam
leaking through the flaw in said annular portion.

12. A system for detecting a flaw in an annular por-
tion of an object to be detected. comprising:

(a) an optical converter element of a cylindrical shape
for converting incident light, applied thereto, into
outgoing light spreading out radially of said optical
converter element, wherein said optical converter
element comprises a cylindrical solid lens;

(b) light beam-generating means for generating a
plurality of light beams, optical axes of said plural-
ity of light beams being spaced from one another in
a direction of the circumference of said optical
converter element and intersecting one another
substantially at one point lying on the axis of said
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10

optical converter element. and the optical axes of
said plurality of light beams being inclined at the
same angle less than 90° with respect to the axis of
said optical converter element. so that when said
plurality of light beams are incident on said optical
converter element. an outgoing light beam is emit-
ted from said optical converter element so that said
outgoing light beam extends along an imaginary
conical surface coaxial with said optical converter
element; and

(c) a photosensor disposed on one side of said optical
converter element opposite to said light beam-
generating means, the object to be detected being
disposed between said optical converter element
and said photosensor, said outgoing light beam
emitted from said optical converter element being
applied to the annular portion of said object, so that
said photosensor detects part of said outgoing beam
leaking through the flaw in said annular portion.

13. A system for detecting a flaw in an annular por-

tion of an object to be detected, comprising:

(a) an optical converter element of a cylindrical shape
for converting incident light, applied thereto, into
outgoing light spreading out radially of said optical
converter element, wherein said optical converter
element comprises a large number of parallel opti-
cal fibers;

(b) light beam-generating means for generating a
plurality of light beams, optical axes of said plural-
ity of light beams being spaced from one another in
a direction of the circumference of said optical
converter element and intersecting one another
substantially at one point lying on the axis of said
optical converter element, and the optical axes of
said plurality of light beams being inclined at the
same angle less than 90° with respect to the axis of
said optical converter element. so that when said
plurality of light beams are incident on said optical
converter element, an outgoing light beam is emit-
ted from said optical converter element so that said
outgoing light beam extends along an imaginary
conical surface coaxial with said optical converter
element; and

(c) a collimator lens disposed on one side of said
optical converter element opposite to said light
beam-generating means, said collimator lens being
coaxial with said optical converter element. the
focus of said collimator lens lying substantially on
an apex of said imaginary conical surface, and
when said light beam emitted from said optical
converter element along said imaginary conical
surface is incident on said collimator lens, a light
beam being emitted from said collimator lens along
an imaginary cylindrical surface coaxial with said
collimator lens; and

(d) a photosensor disposed on one side of said colli-
mator lens opposite to said optical converter ele-
ment, the object to be detected being disposed
between said collimator lens and said photosensor,
said light beam emitted from said collimator lens
being applied to the annular portion of said object,
so that said photosensor detects part of said light
beam leaking through the flaw in said annular por-
tion.

14. A system for detecting a flaw in an annular por-

tion of an object to be detected, comprising:

(a) an optical converter element of a cylindrical shape
for converting incident light, applied thereto, into
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outgoing light spreading out radially of said optical
converter element. wherein said optical converter
element comprises a cylindrical solid lens:

{b) light beam-generating means for generating a
plurality of light beams, optical axes of said plural-
ity of light beams being spaced from one another in
a direction of the circumference of said optical
converter element and intersecting one another
substantially at one point lying on the axis of said
optical converter element. and the optical axes of
said plurality of light beams being inclined at the
same angle less than 90° with respect to the axis of
said optical converter element. so that when said
plurality of light beams are incident on said optical
converter element, an outgoing light beam is emit-
ted from said optical converter element so that said
outgoing light beam extends along an imaginary
conical surface coaxial with said optical converter
element; and

(c) a collimator lens disposed on one side of said
optical converter element opposite to said light
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beam-generating means, said collimator lens being
coaxial with said optical converter element. the
focus of said collimator lens lying substantially on
an apex of said imaginary conical surface. and
when said light beam emitted from said optical
converter element along said imaginary conical
surface is incident on said collimator lens. a light
beam being emitied from said collimator lens along
an imaginary cylindrical surface coaxial with said
collimator lens; and

(d) a photosensor disposed on one side of said colli-
mator lens opposite to said optical converter ele-
ment. the object to be detected being disposed
between said collimator lens and said photosensor,
said light beam emitted from said collimator lens
being applied to the annular portion of said object.
so that said photosensor detects part of said light
beam leaking through the flaw in said annular por-

tion.
3 * * * *



